Suhu lingkungan yang tinggi (AT) adalah kendala utama pada efisiensi peternakan dalam produksi babi. Hasil penelitian yang dilaporkan menilai pengaruh ST tinggi pada kinerja babi sangat bervariasi, terutama pada babi dengan berat badan (BW) berbeda. Oleh karena itu, meta-analisis dari ISI Web of Science dan PubMed dioperasikan untuk menjelaskan variasi rata-rata asupan pakan harian (ADFI) dan rata-rata pertambahan bobot badan harian (ADG) dalam laporan lintas literatur selama AT tinggi dalam pertumbuhan atau finishing babi. Babi dibagi menjadi tiga kategori BW sebagai LOW (46 hingga 65 kg), MED (65 <hingga 85 kg), dan HFH (85 <kg). Pengaruh nyata AT pada ADG diamati pada kategori LOW, MED dan HGH. Analisis ragam (Anova) untuk regresi linier berganda menunjukkan signifikansi hubungan linear antara kedua data ADG dan ADFI, dengan AT dan BW sebagai: ADG LOW = 1260-19.9*AT + 2.09*BW, ADG MED = 1546-22.5*AT-0.88*W, ADG HGH = 1893-31.9*AT-2.40*BW, ADFI LOW = 1756-35.0*AT + 24.6*BW, ADFI MED = 2793-49.6*AT + 12.5*BW, dan ADFIHGH = 4172-59.0*AT + 0.74*BW. Pengaruh temperatur yang signifikan terhadap rasio penambahan: pakan (G: F) diamati pada kategori LOW dan HGH. Analisis regresi berganda mengungkapkan bukti tentang signifikansi tinggi hubungan linear antara G:F dan AT, yaitu G:F LOW = 0,80 + 0,02*AT + 0,02*BW, G:F MED = 0,95 + 0,02*AT + 0,02*BW, dan G : F HGH = 0,78 + 0,05*AT + 0,01*BW. Hasil keseluruhan dari analisis model campuran menunjukkan bahwa interaksi yang signifikan antara BW dan AT mengindikasikan babi dalam kategori yang lebih berat memiliki G:F yang lebih rendah ketika suhu meningkat. Kesimpulannya, AT tinggi secara linear mengurangi ADG, ADFI, dan G:F dari babi tahap growing dan finishing.
INTRODUCTION
In tropical and sub-tropical regions, farmers produce meat throughout the year, although the production rate is restricted to some extent in the hot seasons (Pearce et al., 2015) . There is worldwide pressure concerning nutrition and efficiency of intensively managed swine farms due to global warming Mayorga et al. (2018) . For many years, researchers have been studying the impact of heat stress on the performance of swine, including growing pigs (Pearce et al., 2014) , finishing pigs (Johnson et al., 2015) , and sows (Choi et al., 2018) , and have found that high ambient temperature (AT) have adverse influences on productive and reproductive performance. An old reference also showed a 40 to 80 g/d decrease in feed intake per degree Celsius in the range between 20 to 30°C (Le Dividich et al., 1998) .
High temperatures is a major constraint on efficiency of farming in pig production. The capacity of animals is low to diminish body heat during high AT (Pearce et al., 2015; Cervantes et al., 2018) . Therefore, the natural reaction of animals to reduce detrimental effects of heat stress and maintain constant body temperature is to decrease heat production from average daily feed intake (ADFI). The extent of decrease in voluntary feed intake may be related to the physiological condition, age, body weight (BW), and breed of pigs and the severity of heat stress. The lower growth performance is the main consequence of reduced ADFI. There is much information regarding the relationships between heat stress and swine ADFI or productivity, however, there is very little recent research in the literature regarding the extent of interaction between heat stress and ADFI.
The purpose of the present experiment was to evaluate the effects of high AT on ADFI in growing and finishing pigs.
MATERIAL AND METHODS

Literature Search and database recording
A detailed search of literatures from 2002 to 2017 was performed in the ISI Web of Science and PubMed by keywords and cited references in the published papers. Only the most recent literatures were considered to obtain the most appropriate data for the recent genetically improved races. Keywords included terms related to heat stress (high environmental temperature, high AT, hot environment, hot weather, etc), pigs (growing pigs, finishing pigs, swine), and performance (ADG and ADFI). The numerous literatures prepared by this search were filtered before statistical analysis. Studies on sows, gilts, and weaned pigs, or with short time exposure of heat stress, or conference proceedings without clarified results and conditions, or old literatures were eliminated before inclusion in the database. After the filtering step, the finalized database included 54 papers with 434 to 455 data points per trait (Table 1) . The experimental temperatures were ranged from 18°C to 36°C. We also divided the BW in 3 categories: light BW pigs (LOW; 46 to 65 kg), medium BW pigs (MED, >65 to 85 kg), and heavy BW pigs (HGH; >85 kg). To maintain an adequate number of reports, it was not possible to increase the number of categories.
Statistical Analysis
All the statistical analyses of the filtered database were conducted with the R software package (R Core Team, 2013) . We conducted multiple linear regression analysis for each of the three BW categories and for the whole category in order to evaluate and compare the effects of the AT and BW on the production performances and ADFI of pigs. Regression models were estimated for prediction of each of the three response variables, ADG, ADFI, and G:F, where ADG represents the production performance, ADFI represents the feed intake of pigs, and G:F represents the production efficiency. The predictors of the multiple linear regression models were the average daily AT in Celsius and the BW of the pigs in kg. Summary statistics of the response variables and the predictors are presented in Table 1 .
Multiple linear regression models were fitted to the data by the ordinary least squares estimation method. In Tables 2, 3 , and 4, we presented the results of the estimated regression models for each of the three categories and the whole category. The prediction model for each category included the AT and BW as predictors, and it did not include their interaction term because the interaction term did not yield statistically significant coefficient estimates. On the other hand, the prediction model for the whole category included the interaction term together with the AT and BW because it yielded statistically significant coefficient estimates.
RESULTS
Average Daily Gain
The results of the meta-analysis for the response variable ADG is presented in (Table 2) show the significant interaction between temperature and BW (P < 0.01) means that pigs in heavier category are more sensitive to the increased temperature compared with pigs in lighter category. According to the Table 2 , the representation of different weight categories seems to be an appropriate way of reducing data variance due to the significant effect and interaction of weight in overall ADG to minimize loss of information. The estimation of covariance components, SE, and RMSE are presented in Table 2 . The RMSE adjusted for ADG effect was bigger for the HGH compared with the MED and LOW. The linear relationship between temperature and ADG determined in growing pigs is shown in Figure 1 . In this figure, an apparent variation of ADG was shown and ADG decreased as temperature increased. The residual plot indicated no evidence of linear bias prediction for ADFI model (Figure 2 ). An equation for predicting ADG in growing pigs that included temperature and weight as independent variables was developed using the weight information in different categories: ADG LOW = 1260-19.9*T+2.09*W, ADG MED = 1546-22.5*T-0.88*W, and ADG HGH = 1893-31.9*T-2.40*W
Voluntary Feed Intake
The list of significant main effects and interactions for ADFI is presented in Table 3 . The corresponding ADFI values for intercepts were 1756, 2793, and 4172 for LOW, MED, and HGH respectively. Although the significant effect of weight on ADFI was observed in LOW category, (Table 3) , the insignificant interaction between temperature and BW (P = 0.07) means that pigs have the same sensitivity in high AT. The estimation of covariance components, SE, and RMSE are presented in Table 3 . The RMSE adjusted for ADFI effect was smaller for the LOW compared with the MED and HGH. Figure 3 indicated uncorrected ADFI vs temperature plot. In this figure, an apparent variation of ADFI was shown. In ADFI model, there was no evidence of any linear prediction bias in residual plot (Figure 4 ). An equation for predicting ADFI in growing pigs that included temperature and weight as independent variables was developed using the weight information in different categories: ADFI LOW = 1756-35.0*T+24.6*W, ADFI MED = 2793-49.6*T+12.5*W, and ADFI HGH = 4172-59.0*T+0.74*W
Gain to Feed Ratio
The results of the meta-analysis for the response variable G:F is presented in Table 4 . The corresponding ADG values for intercepts were 0.80, 0.95, 0.78, and 1.78 for LOW, MED, HGH, and overall respectively. The significant effect of temperature on G:F were observed in LOW and HGH categories. Moreover, the weight in the weight categories affected the G:F in different temperature. The ANOVA for multiple linear regression revealed evidence on significance of linear relationships between G:F and temperature (P LOW <0.01, P MED =0.03; P HGH <0.01; P OVERALL <0.01). The overall results of mixed model analysis show that the significant interaction between BW categories and temperature (P = 0.03) on G:F means that pigs in heavier category have lower G:F when temperature increases. According to the Table 4 , the representation of different weight categories seems to be an appropriate way of reducing data variance due to the significant effect and interaction of weight in overall G:F. The estimation of covariance components, SE, and RMSE are presented in Table 4 . The RMSE adjusted for G:F effect was lowest for the LOW. The linear relationship between temperature and G:F determined in growing pigs is shown in Figure 5 . The residual plot indicated no linear bias prediction for model G:F (Figure 6 ). An equation for predicting G:F in growing pigs that included temperature and weight as independent variables was developed using the weight information in different categories: 
DISCUSSION
The linear depression in ADG is in line with temperature evaluation systems adopting linear decrease in ADG or G:F with decreased in feed intake (NRC, 2012) . Cervantes et al. (2018) suggested that the decline in ADG is proportional to the inverse of feed intake. The extent of growth depression depends on temperature level (Mayorga et al., 2018; Santos et al., 2018) . Based on mixed model estimation for the ADG, the influence of enhanced temperature on ADG from 20 to 35°C is 1006 and 528 g/d in finishing pigs in HGH group. The ADG of pigs in LOW and MED categories is almost 1.5-fold greater at pigs in HGH category in 35ºC temperature. In LOW category, the requirement of energy to optimize growth performance is higher than the ad libitum total energy intake, however, younger pigs can tolerate higher temperature better than older pigs (Renaudeau et al., 2011) . Consequently, the decreased ADFI under hot AT negatively affect growth performance. The extent of decrease in ADG in this study is higher than older references (Hyun et al., 1998) .
The effect of heat stress in pigs depends on several factors. The genetic selection in growing pigs, for which selection has favored growth performance and lean growth, the recent species are much less tolerant to heat stress than the traditional species (Hermesch et al., 2015) . The higher heat production because of possibly greater ADFI may contribute to more severe effects of AT on ADG and G:F. The maintenance requirements of pigs are different based on the race, and lower in Large White pigs compared with synthetic line pigs because of the differences in metabolically active organs such as lean mass and viscera (Noblet et al., 1999) . The consideration of the variance heterogeneity will produce more robust estimators, whose distributions will be closer to normal distributions.
Linear function was found the most suitable method to evaluate the variations of data of ADFI. This function allow selection on early ADFI with a smaller bias. Therefore, this quantitative linear analysis has shown an accurate model to explain the observed ADFI within each weight category. Regarding the differences between the result of this study and the older literatures, it seems that is not clear to precisely predict the future results according to the results of this study. Studies investigating the temperature effect on ADFI are difficult to conduct in pigs. A wide range in feed intake and growth performance cannot be achieved without confounding effects such as stage of growth, changes in environment, humidity, and particularly feed quality since the requirement of animals is different when temperature varies. As shown in NRC (2012) , a different dietary requirements are suggested for pigs with the same weight but in different temperature. Furthermore, the ADFI depressions within a single study are mostly not large enough to show quantitative differences, particularly deviations from linearity, where the depressions in ADFI and the interactions between feed intake and diet composition are difficult to detect in different temperatures. Therefore, a regression analysis with the gathered information from different studies can be beneficial. However, there are many unidentified factors that can affect the meta-analysis result. There are various studies showing that the dietary energy level changes ADFI (Cottrell et al., 2015; Ghassemi Nejad et al., 2015 , Choi et al., 2018 . In the present study, along with ADFI, the metabolisable energy and net energy of diets were considered but finally were removed because of insignificant effects. The insignificant effects of diet energy levels can be due to the insufficient number of studies with dietary NE and ME information among the chosen papers in this meta-analysis or a small range of the dietary energy content. In agreement with this result, Renaudeau et al. (2011) reported that in their meta-analysis, there were quantitative relationships between ADFI and increased temperature. They also showed the large difference in the ADFI in different temperature may be related to factors such as animal sanitary status, climatic factors other than temperature, and animal performance. Interestingly, our analysis showed that heavier pigs are more sensitive to high AT because of sharper slopes in decreasing feed intake as temperature increased. For a pigs with an average of 107 kg BW, values of the partial derivative ADFI at 20 and 35°C were 3121 and 1901 g per day, respectively. In this view, the extent to which temperature influences the change in ADFI is largely depends on the temperature, as found in previous research (Renaudeau et al., 2011; Cervantes et al., 2018; Santos et al., 2018) . The greater effects on temperature on ADFI in heavier pigs can be due to their natural key mechanism to minimal heat production by decreasing ADFI (Collin et al., 2001) , particularly when temperature increases to above the upper limit of their thermoneutral zone.
CONCLUSION
High AT negatively affects the ADG, ADFI, and G:F in growing and finishing pigs, particularly heavier finishing pigs. The extent of decrease in the ADG and ADFI in the recent reports are higher than old reports. Future work is required to obtain more precisely effects of heat stress on the relative ADFI and ADG based on the future genetically modifications.
